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Application of Two Phase Taylor-Couette Flow to Algal Photobioreactors
Abstract
Objectives
Two primary objectives exist for current research. The first is to gain a better
understanding of the flow patterns involved due to two phase Taylor-Couette flow still
not being well understood. The second is to apply this improved understanding to at least
one problem, the photobioreactor. Comparisons can be made between experimental data
and a model created using CFD.
Taylor-Couette Flow
An understanding of Taylor-Couette flow can be approached by first considering it in a
single phase. A fluid exists between an inner and outer cylinder and one or both of the
cylinders rotates. In the systems considered by this group, only the inner cylinder rotates.
At a low rotational rate, the fluid swirls and moves along with the inner cylinder as
expected. At sufficient rotational speed, however, Taylor vortices form as depicted in
Figure 1. Two phase Taylor-Couette flow is much less well understood mechanically but
its effects can be seen visually with the addition of a dye as a second phase. Distinct flow
regimes within Taylor-Couette flow occur and change as the rotation speed of the inner
cylinder increases, as shown in Figure 2. In A, the dye is spread as would occur at low
rotation rates. Weak bands of dye begin to form in B and become more prominent in C.
At higher speeds, a helix forms in the system as shown in D.
Figure 1: Taylor-Couette reactor with vortices forming.
Figure 2: Taylor-Couette flow regimes depicted using blue dye. 
From left, dispersed, weak bands, horizontal bands, helical 
bands.
Methods (Flow Patterns)
Study of the flow patterns in Taylor-Couette flow were done using a research-grade
apparatus in Sweeney Hall. Flow patterns were tracked using a method known as
Particle Image Velocimetry (PIV). In these experiments, a small concentration of
particulate is added to the system. Pulses of light are emitted using a laser and a high-
speed camera captures images of the illuminated particles. Software is used to process
the images and a map of the flow pattern can be generated. The experimental patterns
can be compared to those generated from a CFD model.
Methods (Photobioreactor)
Past members of the group made contributions to the understanding of
operating a photobioreactor. A benchtop photobioreactor, depicted in Figure
3, was used to study the growth of algae at different cylinder rotation rates
and air flow rates. At regular intervals after twenty hours into a trial,
samples of water in the reactor were taken and dried to record a
concentration of dry biomass. This data is displayed in Figure 4.
Comprehensive models accounting for the three factors needed to properly
operate a photobioreactor (irradiation, nutrient transport, and gas transport)
were developed by this group in both an Eulerian form and a Lagrangian
form. These models can be used to predict the consumption of carbon
dioxide in the reactor over time and are described in Figures 5 and 6.
Algal Photobioreactors
Algae is a potential source of biomass for industrial processes. Taylor-Couette systems in
particular are well suited for use as photobioreactors to produce this biomass. Algae in
the system require irradiation from a light source, nutrients, and carbon dioxide. In
photosynthesis, energy from sunlight is harnessed and processed through two types of
reaction that can be described broadly as light and thermochemical. The light reactions in
cells occur instantaneously but the ensuing thermochemical reactions are relatively slow
and happen intermittently. Because of this, light receptors need a cool down period in
order to prevent damage. The vortices inherent to Taylor-Couette flow allow for cycling
between lighter and darker areas and encourage algal growth. These vortices also help to
move nutrients to the algae and carry oxygen away from it. Carbon dioxide is supplied
by bubbling air in from the bottom of the column and these bubbles form the second
phase of the system.
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Two phase Taylor-Couette flow is an intriguing and largely unexplored flow pattern with
significant practical applications including for biotechnology as an algal photobioreactor.
Problems that need to be resolved in order to optimize such a
device include developing better understandings of the flow patterns, radiation transport,
and transport of carbon dioxide and oxygen to and from microorganisms. Recently, a
comprehensive computational fluid dynamics (CFD) model accounting for all of these
factors has been developed but not fully validated by experimental data. In this work,
contributions were made to experiments designed to better understand fluid flow patterns
and in the analysis of experimental data that could be used to validate this model.
Reasonably good predictions were made by this comprehensive model.
Figure 3: Photobioreactor used in recording biomass 
growth and consumption of carbon dioxide.
Figure 4: Sampled biomass concentrations at four rotation rates 
Figure 7: Comparison of the comprehensive model 
with experimental data at 200 rpm
Figure 8: Comparison of the comprehensive model 
with experimental data at 400 rpm
Figure 9: Comparison of the comprehensive model 
with experimental data at 600 rpm
Results
The experimental consumption of carbon dioxide can be obtained from the
rate of growth of the biomass and this can be compared with the
comprehensive model as shown in Figures 7, 8, and 9 for three rotation
speeds. Good agreement is present between the methods.
Figure 5: Lagrangian approach outline Figure 6: Eulerian approach outline
